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The present invention generally provides 
a gas delivery system adapted for positioning 
near the process chamber. More particularly, 
the present invention provides an apparatus for 
processuig a substrate that includes a process 
chamber and a gas delivery system. The gas 
delivery system is in fluid conununication with 
and is ad^ted to supply one or more process 
gases and/or carrier/purge gases to die process 
chamber. TTie gas delivery system is positioned 
proximal the process chamber within about two 
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FLUID DELIVERY SYSTEM AND METHOD 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to the field of semiconductor substrate processing equipment. 
More particularly, the present invention relates to a fluid delivery system that is mounted in close 
proximity to the chamber and that facilitates the creation of a modular process system design. 

Background of the Related Art 

In the fabrication of integrated circuits, equipment has been developed to automate substrate 
processing by performing several sequences of processing steps without removing the substrate 
fh)m a vacuum environment, thereby reducmg transfer times and contamination of substrates. Such 
a system has been disclosed for example by Maydan et al., U.S. Pat. No.4,95 1,601, in which a 
plurality of processing chambers are connected to a transfer chamber. A robot in a central transfer 
chamber passes substrates through slit valves in the various connected processing chambers and 
retrieves them after processing in the chambers is complete. 

The processing steps carried out in the vacuum chambers typically require the deposition 
or etching of multiple metal, dielectric and semiconductor film layers on the surface of a substrate. 
Examples of such processes include chemical vapor deposition (CVD), physical vapor deposition 
(PVD), and etching processes. Although the present appUcation primarily discusses CVD process 
chambers and systems, the present invention is equally applicable to other process chambers and 
systems that utilize a fluid for gas delivery or gas generation. 

Process chambers are employed to deposit thin fihns on semiconductor substrates. The 
process of depositing the thin fihns uses a variety of gases provided to the chamber for carrying out 
the processes. For example, the chambers typically utilize a purge gas such as argon directed to the 
backside of the edge of the substrate to provide a shield of purge gas that prevents deposition on the 
edge and backside surfaces of the substrate. In addition, the material to be deposited on the 
substrate is typically introduced into the chamber suspended in a canier gas, such as helium. Often 
the materials used to deposit the films on the substrate are in their liquid phases at room temperature 
(e.g., DMAH, TEGS, and TDMAT). Thus, to introduce these materials into the process chamber, 
the material is typically charged in an evaporator so that it becomes mixed with and carried by the 
carrier gas. One example of an evaporator is a bubbler. In a bubbler, a carrier gas is introduced 
through a nozzle immersed in the liquid material generating bubbles of the carrier gas that ascend 
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through the Uquid. As a result, the liquid material is vaporized into and becomes mixed with the 
carrier gas and the mixture is introduced into the process chamber for deposition of the material onto 
the substrate. Other gases are also commonly used in the processing of substrates for example to 
act as a system purge nitrogen) or as a reaciant (e.g., hydrogen and oxygen). 

As shown in the prior art drawing of Figure 1, the gas delivery system used to control and 
deliver the gas to the various process chambers is generally positioned at the back of the system. 
Therefore, plumbing must be installed to connect each of the process chambers to the gas delivery 
system. The plumbing typically extends from the gas delivery system beneath the platform to the 
individual process chambers. Installation and maintenance of the system as well as replacement of 
any of the system components, therefore, requires substantial manpower due to the substantial 
plumbing. 

In addition, positioning the gas delivery system at the back of the process system necessarily 
places the controls for the gas delivery a substantial distance from the process chamber, typically 
an average of about ten feet. Therefore, gas delivery to the chamber {e,g.y the time for the gas to 
reach the chamber from the gas delivery system) may be sensitive to the position of the chamber 
relative to the gas delivery system which may affect the repeatability of the process and may result 
in condensation within the system. Further, placing the gas delivery system at the back of the 
system wastes space and reduces the mobility of the system components hampering 
interchangeability and flexibility making modular systems less feasible. 

Therefore, there is a need to increase the repeatability of the system and to provide a gas 
delivery system that facilitates interchangeability and a modular design. 

Summar y of the Invention 

The present invention generally provides a gas delivery system adapted for positioning near 
the process chamber. More particularly, the present invention provides an apparatus for processing 
a substrate that includes a process chamber and a gas delivery system. The gas dehvery system is 
in fluid communication with and is adapted to supply one or more process gases to the process 
chamber. The gas delivery system is positioned proximal the process chamber and is preferably 
attached thereto. Preferably, the gas delivery system is no more than about two to three feet from 
the process chamber so that the gas only has to travel about two to three feet therebetween. 

One aspect of the invention provides a process chamber module comprising a module 
support frame supporting the process chamber and the gas delivery system. The module suppon 
frame has a set of wheels attached thereto to enhance the mobility of the process chamber module. 
Another aspect of the invention provides a method for delivering a gas to a process chamber 
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comprising the steps of positioning the gas delivery system near the process chamber and providing 
fluid communication therebetween. 

Brief Description of the Drawings 

So that the manner in which the above recited features, advantages and objects of the present 
invention are attained and can be understood in detail, a more particular description of the invention, 
briefly summarized above, may be had by reference to the embodiments thereof which are 
illustrated in the appended drawings. 

It is to be noted, however, that the appended drawings illustrate only typical embodiments 
of this invention and are therefore not to be considered limiting of its scope, for the invention may 
admit to other equally effective embodiments. 

Figure 1 is a partial perspective view of a prior an process system having the gas delivery 
system positioned at the back of the system. 

Figure 2 is a perspective view of the process chamber and the gas delivery system mounted 
in close proximity on a module support frame having wheels. 

Figure 3 is an elevational view of the system shown in Figure 2 showing the individual 
components of one particular gas delivery system. 

Detailed Description o f the Preferred Embodiment 

The present invention generally provides a gas delivery system 10 that is positioned 
proximal and is attached to the process chamber 30. For clarity and ease of description, the 
following description refers primarily to a CVD process chamber and system although the present 
invention is equally applicable to other types of processes that utilize fluid delivery systems. In 
addition, although the description often uses the term "gas," it is to be understood that the present 
invention is appUcable to all types of fluids. 

As shown in Figure 1, substrate processing systems typically comprise a combination of 
loadlocks 92 through which the substrates are introduced into the system, a transfer chamber 90 
which houses a robot that moves the substrates within the systeni, and a plurality of process 
chambers 30 each adapted to perform a specific process step on the substrates. Typically, the 
processes performed in the process chambers 30 involve the deposition of a thin fihn of material 
on the surface of the substrate. As previously discussed, the films are deposited by introducing the 
material to be deposited on the substrate into the process chamber 30 in the form of a gas so that 
more uniform films may be created. 

Often, the material to be deposited is in the form of a liquid at room temperature. Therefore, 
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the material is vaporized into a carrier gas in an evaporator 22 (shown in Figure 3), such as a 
bubbler. The carrier gas supporting the material is then passed into the process chamber 30 for 
deposition of the material onto the substrate. Thus, the process system must also include a gas 
delivery system 10 that includes the evaporator 22 and also includes the other fluid delivery 
components necessary to direct and control the flow of the carrier gas containing the material to the 
process chamber 30. 

In addition, the process chamber 30 requires other gases to complete the process. For 
example, a purge gas, such as argon, is typically directed at the backside of the edge of the substrate 
to prevent the deposition of the material on the beveled edges and the relatively rough backside of 
the substrate. In this way, the purge gas helps to reduce the risk of particle generation in the system. 
Also, some gases, such as nitrogen, are used to purge the system at start-up or following processing. 
Likewise, other gases, such as oxygen and helium, are used as reactants to facilitate deposition of 
the material on the substrate. Consequently, the gas delivery system 10 must provide for the supply 
and control of all of the gases necessary for the process in each process chamber 30. 

As previously mentioned, prior art systems have positioned the gas delivery system 10 at 
the back of the system and then provided plumbing, or fluid cotnmumcation lines, between the gas 
delivery system 10 and the process chambers 30 resulting in a gas delivery that is dependant upon 
the position of the process chamber 30 in the system. Commonly, the gas delivery system 10 is an 
average of about ten feet from the process chambers 30. Thus, gas delivery variables, such as time 
for the gas to reach the process chamber 30, the concentration of the gas initially entering the 
process chamber 30, and gas shut-off, are largely dependent on the location of the process chamber 
30 within the system in these prior art designs. This remote positioning may cause condensation 
to form in the communication lines and may affect the repeatability of the system. 

Thus, in an effort to overcome these problems and provide greater repeatability, the present 
invention locates the gas delivery system 10 associated with a given process chamber 30 near the 
process chamber 30, preferably attached thereto and/or on a conunon module support frame 50. 
Preferably, the gas delivery system 10 is positioned sufficiently close to the process chamber 30 that 
the communication lines used to deliver the gas to the process chamber 30 are only about two to 
three feet long at most. Therefore, as used herein, the terms "near," "close proximity," and 
"proximal" when referring to the relative position of the gas delivery system 10 to the process 
chamber 30, mean that these components are no greater than about five feet apart. Positioning the 
gas delivery system 10 near the process chamber 30 increases repeatability because the system is 
not sensitive to the position of the process chamber 30. Also, due to the reduced distance that the 
gas must travel, the system experiences less condensation and better conductance. 
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Figure 2 shows the process chamber 30 and the gas deUvery system 10 mounted on a 
common module support frame 50. As shown in the figure, the module support frame 50 is a frame 
assembly that is constructed of a substantially rigid material that is capable of easily supporting the 
weight of the process chamber 30 and the gas delivery system 10. Although the module support 
frame 50 may be fixedly mounted to (or a portion of) the platform 94 (see Figure 1), the module 
support frame 50 is preferably a separate member that includes a set of wheels 52 mounted to lower 
end to provide mobility for the module support frame 50. Preferably, the module support firame 50 
includes at least four wheels 54 for stability. Note that the module support frame 50 is preferred 
because it adds an element of mobility and modularity to the system. However, the primary focus 
of the present invention is the repositioning of the gas delivery system 10 nearer the process 
chamber 30 than in previous designs. Therefore, although the following description refers primarily 
to the individual components attached to the module support frame 50, the module support frame 
50 may be eliminated and the process chamber 30 and the gas delivery system 10 mounted to any 
available surface as long as they are mounted in close proximity. 

Accordingly, in a preferred embodiment, the process chamber 30 is attached to the module 
support frame 50. Likewise, the gas delivery system 10 containing the gas delivery components 
associated with the process chamber 30 is also attached to the module support frame 50. The gas 
delivery system 10 and the process chamber 30 are interconnected by fluid communication lines. 
The process chamber 30 may be any chamber in which substrates are processed and that utiUzes a 
fluid in the process. Examples of such process chambers 30 include CVD process chambers and 
PVD process chambers. 

The gas delivery system 10 generally comprises all of the gas delivery components 
necessary for the process to be carried out in the associated process chamber 30. Figure 3 shows 
a CVD type process chamber 30 mounted on a module support frame 50 interconnected to a gas 
delivery system 10 that is also mounted to the module support frame 50. The gas delivery system 
10 is opened showing the gas delivery components associated with this particular process chamber 
30. Note that the present invention is not limited to this particular gas dehvery system 10, but may 
be applied to any form of gas delivery system 10, In the example shown in Figure 3, the gas 
delivery system 10 includes components that are typical to such processes including valves 20, a 
liquid flow meter 16, conrununication lines #, an injection control valve 18, bypass lines #, and an 
evaporator 22 including a liquid supply 14. Other typical components include measurement devices 
(e.g., thermocouples), monitor displays, degassers, gas supplies, pumps, and temperature control 
systems (e.g.. heaters) among others. 

The example shown in Figure 3 includes four gas supply lines 12. One gas supply line I2a 
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supplies argon to the process chamber to act as a bottom purge that prevents deposition on the 
backside and edges of the substrate. The other three gas supply lines 12 provide hydrogen 12b, 
nitrogen, 12c, and helium 12d, to the process chamber 30. The hydrogen and helium are typically 
introduced into the system with the carrier gas containing the vaporized material where they are 
combined. The helium also acts as the carrier gas for the system. As shown in the figure, the 
communication lines direct the helium to the evaporator 22, or bubbler, where the material is 
vaporized into the carrier gas. The carrier gas containing the material (e.g., TEOS or TDMAT) 
passes through a liquid flow meter 16 and then through an injection control valve 18 before being 
passed to the process chamber 30 along with the helium and hydrogen. The nitrogen acts primarily 
as a purge gas to purge the system following maintenance or start-up. Once the gases exit the gas 
delivery system 10 they need only flow about two to three feet at most because, in the present 
invention, the gas deUvery system 10 is positioned near and is preferably attached to the process 
chamber. 

In addition to increasing the repeatability of the system and reducing the condensation 
formed in the system, the present invention, by positioning the gas delivery system 10 near the 
process chamber 30, also facilitates a modular system wherein the individual process chambers 30 
may be moved and replaced without redesigning the full system. In the prior systems, as in the one 
shown in Figure 1, the process chambers 30 are fixed within the system to the platform 94. 
Therefore, if one of the process chambers 30 fails, the system is shut down until the damaged 
process chamber 30 is repaired or replaced. However, replacement of a fixed process chamber 30 
requires that the process chamber 30 be physically detached and removed from the platform 94 and 
the system. Thus, the system may be shut down for extended periods during maintenance of the 
system. In addition, modifications to the system require that the system be reraanufactured to 
accommodate the attachment of a new or different process chamber to the system and the gas supply 
lines. To overcome these drawbacks of the prior systems, the industry has moved toward a more 
modular design wherein the individual process chambers 30 are interchangeable. In this way, when 
a process chamber 30 fails, it can be quickly removed and a new process chamber 30 can simply 
be rolled into the damaged chamber's place while the damaged chamber is repaired. Likewise, 
process systems using modular designs are more easily designed and updated because of the 
interchangeability. 

The present invention facilitates this interchangeability by linking the gas delivery system 
10 associated with the individual process chamber 30 to the process chamber 30 and positioning the 
gas delivery system 10 and the process chamber 30 near one another on a moveable cart, the module 
support frame 50. Attaching the components, together eliminates the need to plumb the process 
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chamber 30 to a remote gas delivery system 1 0. Additionally, when the system is altered, the gas 
delivery system 1 0 of the system does not have to be redesigned because the gas delivery system 
10 is attached to the relevant process chamber 30, Further, maintenance problems associated with 
the process chamber 30 or the gas delivery system 10 may also be handled more easily because a 
replacement module can simply be quickly inserted into the system while the module is repaired. 
Further, positioning the gas delivery system 10 near the process chamber 30 reduces the time, labor, 
and cost associated with manufacturing and assembly of the process chamber 30 and the module 
because the interconnecting communication lines are shorter and may be installed at the factory 
where the components are readily accessible rather than in the remote location of the clean room. 

While the foregoing is directed to the preferred embodiment of the present invention, other 
and further embodiments of the invention may be devised without departing from the basic scope 
thereof, and the scope thereof is determined by the claims which follow. 
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Claims: 



I . An apparatus for processing a substrate using one or more gases, comprising: 
a process chamber; 

a gas delivery system in fluid communication with and adapted to supply the one or more 

gases to the process chamber; and 
the gas delivery system positioned proximal the process chamber. 



2. The apparatus of claim I, wherein the gas delivery system is attached to the process 
chamber. 



3. The apparatus of claim 1 , further comprismg: 

a module support frame wherein the process chamber and the gas delivery system are 
attached to the module support frame. 



4. The apparams of claim 3, further comprising wheels attached to a lower end of the module 
support frame, 

5. The apparatus of claim 1 , wherein the process chamber is a CVD process chamber. 

6. The apparatus of claim 1 , wherein the gas delivery system further comprises: 

a set of gas supply lines in flow communication with the process chamber; and 
a plurality of valves in flow communication with the set of gas supply lines and the process 
chamber adapted to control the flow therebetween. 

7. The apparatus of claim 6, further comprising an evaporator. 

8. The apparatus of claim 1, wherein the distance between the gas delivery system and the 
process chamber is less than about three feet. 

9. A process chamber module, comprising: 
a module support frame; 

a process chamber attached to the module support frame; and 

a gas delivery system attached to the module support frame and adapted to supply one or 
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more gases to the process chamber. 
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1 1 0. The apparatus of claim 9, wherein the gas delivery system is positioned proximal the process 

2 chamber. 

1 IL The apparatus of claim 9, wherein the gas delivery system is attached to the process 

2 chamber. 

1 12. The apparatus of claim 9, further comprising wheels attached to a lower end of the module 

2 support frame. 

1 13. The apparatus of claim 9, wherein the process chamber is a CVD process chamber. 

1 14. The apparatus of claim 9, wherein the distance between the gas deUvcry system and the 

2 process chamber is less than about three feet. 

1 15. A method for delivering one or more gases to a process chamber, comprising: 

2 positioning a gas delivery system, adapted to supply the one or more gases, near the process 

3 chamber; and 

4 providing fluid communication between the gas deHvery system and the process chamber. 

1 16. The method of claim 15, further comprising attaching the gas delivery system and the 

2 process chamber on a common module support frame. 

1 17. The method of claim 15, further comprising positioning the gas delivery system and the 

2 process chamber less than about three feet from one another so that the one or more gases 

3 must flow less than about three feet therebetween. 

1 18. The method of claim 15, fiirther comprising positioning the gas delivery system and the 

2 process chamber less than about two feet from one another so that the one or more gases 

3 must only flow less than about two feet therebetween. 



wo 99/03137 



1/3 



PCTAJS98/14282 




(PRIOR ART) 



SUBSTITUTE SHEET (RULE 26) 



wo 99/03137 PCT/US98/14282 

2/3 




SUBSTITUTE SHEET (RULE 26) 



wo 99/03137 



3/3 



PCT/US98/14282 

T 




SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



Inte tonal Application No 

PCT/US 98/14282 



A. CLASSIFICATION OF SUBJECT MATTER 

PC 6 H01L21/00 



According to International Patent Classification (I PC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum docttmentatlon searched (classification system rollowed by classification symtjois) 

IPC 6 HOIL 



Documentation searched other than minimumdocumentation to the extent that such documents are included In the fields searched 



Etectronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Categoiy Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



us 5 575 854 A (OINNOUCHI ET AL.) 

19 November 1996 

see the whole document 



US 4 852 516 A (RUBIN ET AL.) 
1 August 1989 



1.2,5-7, 
15 

3,8-11, 
13,16-18 

1-3, 

9-11,15, 
16 



see the whole document 



□ 



Further documents are listed in the continuation of box C. 



ID 



Patent family members are listed In annex. 



Special categories of cited documents : 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international 

filing date 

"L" document which may throw doubts on priority ctaim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"0" document referring to an oral disclosure, use, exNbition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date datmed 



T" later document published after the International filing date 
or prlortty date and not in conflict with the application but 
cited to underetarxl the principle or theory underlying the 
Invention 

"X" document of particular relevance; the claimed irwention 
cannot be cortsidered novel or cannot be considered to 
involve an inventive step when the document is taken atone 

"Y" document of particular relevance; the claimed invention 
cannot be considered to involve an Inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person ©killed 
in the art. 

*&" document member of the eame patent family 



Date of the actual completion of theintematk>nal search 



21 October 1998 



Date of mailing o( the international search report 



02/11/1998 



Name and mailing address of the ISA 

European Patent Office, P.B. 5618 Patenttaan 2 
NL-a2B0 HVRiiswijk 
Tel. (+^1-70) 340-2040, Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Authorized officer 



Oberle, T 



Fbmi PCT/ISA/210 (second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 

Inforniation on patent family members 



)nt( lonal Application No 

PCT/US 98/14282 



Patent document 
cited in search report 



Publication 
date 



Patent family 
memt)er(s) 



Publication 
date 



US 5575854 



19-11-1996 



JP 



8203832 A 



09-08-1996 



us 4852516 


A 


01-08-1989 


US 


4722298 


A 


02-02-1988 








CA 


1274921 


A 


02-10-1990 








EP 


0246798 


A 


25-11-1987 








JP 


63012126 


A 


19-01-1988 



Fonn PCT/I3A/210 (pateni tamfly annex) (July t99t2) 



